Tubular Structures in HEp-2 Cell Line
In a study of the morphogenesis of respiratory syncytial (RS) virus, we have observed unusual tubular structures, both in infected and control HEp-2 cells. Tubular structures of similar morphology were described in HEp-2 cells infected with a type I foamy agent by Clarke, Attridge & Gay (1969) . The fact that these tubular structures have been observed in uninfected control cells is something new to our knowledge and deserves mention.
We have used the HEp-2 cell line obtained from Dr Andr6 Chagnon of our Institute at the I29th passage level. This cell line was first established by Moore, Sabachewsky & Toolan (1955) from a human carcinoma of the larynx; it was purchased from Flow Laboratories Inc., Rockville, Md, U.S.A. Maintained in our laboratories a few more passages before use for electron microscopy, this cell line was grown in medium 199 prepared in Hank's solution (I99-H) 45 %, minimum essential medium in Earle's solution (MEM-E) 45 %, and foetal calf serum IO %. When the monolayer cell sheet was confluent, medium was discarded and cells were washed once in fresh medium followed by fixation with 2"5 ~o glutaraldehyde solution in cacodylate buffer (0"o5 M, pH 7"2) for IO min at room temperature. The cells were removed from the bottles with a rubber policeman and centrifuged at 45og for IO min. Cell pellets were washed three times with 3 % sucrose solution in cacodylate buffer. They were then postfixed in 2 % osmium tetroxide, dehydrated in acetone and embedded in Vestopal. Ultrathin sections were made with a LKB Ultrotome III and stained with 5 % uranyl acetate for 20 min followed by lead citrate for 5 min. The stained sections were examined in a Philips EM 3oo electron microscope.
As a control, we have examined a HEp-z cell line obtained at the 373th passage level from Grand Island Biological Co., Grand Island, N.Y., U.S.A., and embedded on arrival without any passage in our laboratory.
The tubular structures (Fig. I ) observed in cross-sections had a honeycomb appearance with electron-dense rings, 8 nm in thickness, and light centres with a diameter of approximately 14 nm. These structures were closely packed together with a centre to centre distance measuring approximately 22 nm. In longitudinal sections these structures consisted of arrays of parallel electron-dense curved lines. The appearance of these foci showing a mixture of longitudinal and cross sections of these structures suggested that they were entangled in a haphazard way rather than in an orderly pattern.
The tubular structures were more or less numerous in the cytoplasm. They were usually in the vicinity of the nucleus. They were loosely distributed in the cytoplasm without connexion with any specific cellular organelles. Endoplasmic reticulum crossed these tubular arrays but mitochondria were never found in the middle of the structures. They were observed in less than I ~o of approximately 5ooo cell sections examined. These structures were not seen significantly more often in infected cells than in control cells, when a sufficiently large number of sections from control cells were examined. HEp-2 cells, embedded on their arrival from the commercial source, have shown the same characteristic tubular structures. Except for the presence of these structures, the general morphology of the cells was not otherwise unusual. Virus particles, foamy virus-like or others, were never observed in uninoculated HEp-2 cells, either in ultrathin sections or by negative staining. These tubular structures were observed in presumably very few cells and after fastidious periods of screening. They were usually present in small numbers, in very limited areas of the cell, and at low magnification they could easily be missed among other cytoplasmic organelles. This may explain why Clarke et al. (1969) noted these structures only in infected cells. However, these authors mentioned that similar structures were also found in a human oligodendroglioma by Tani & Handa (1966) . The tubular structures described by these two observers might represent similar or identical structures.
No known cell organelles or structures of a morphology comparable to these tubular structures at the ultrastructural level have been described by other electron microscopists to date. Microfilaments were thinner (7 to 8 nm) and microtubules thicker (25 to 30 nm) and randomly distributed in the cytoplasm or close to the cytoplasmic membrane. Centrioles were isolated organelles close to the nucleus and with an overall diameter of 300 nm. These structures may be interpreted as either cell structures of unknown nature until now or as abnormal structures in relation with an external agent, chemical or biological. A virus origin of these structures cannot be excluded.
Note added in proof. Following submission of this note for publication the same observations were made independently in HEp-2 cells inoculated with adenovirus type 12 by Dr J. Weber, of the University of Sherbrooke, Quebec, Canada.
